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Patented Oct. 7, 1930

'__LAURENCE GORDON' GRACE,
| PISTON VALVE (N z) LIMITED OF WELLINGTON NEW ZEL&'LAND A GOZMZ‘PANT o:n':-:-.___;;___

'- :.":':_:;:;:_-_",.":501&11ted NGV%lﬂbeI‘ 23 1926

e cyhnc{er engine emb@d}rm the invention ;.- -

‘Higs. 2,8 and 4:are sections of the Valve-?i-
ylmdm taken on: the lines: TI-IT, III——-—III;I{
f_'_ahd IV—1V respectively in Fig. 1 '
: T 10*5 5J 6 7 a:nd 8 are Vlews showmcr 111-';-~-

LA

N EW ZEﬁI}'ANI)

) INTERNAL COMBUSTION ENGINE

Applmatlon ﬁled December 27 1927 Semal No 242 873 and 111 Gleat Brﬁ:am January 22 1927

o ThlS mventlon concerns 1mpr0vements in or;.' f:f:
= “relating to. internal-combustion engines and. ¢
hag fm* its main-object to provide an:arrange-:"
" ment whereby the cylinder of an engine may
~ o @be: both.: scavenged and superchar ged with
. mixture by means of a single: valve or con-
- “trol deviee which: prefelably also. acts as a
0 valvefor admitting mixture to-and-for-allow- -
v Ing exhaust gases to esca,pe fr@m the sald;;._-'

yhnder

“dn the: accompanymg ----- drammwg

I‘w 11isa 1011011311(1111&1 sectmn of EL snwle-—;;:t-

;--;;j-valve cylmder i VELI'IGL'[S p@s.ltl@fﬂs desombed?
.';',;-'}-.,j'-jm detail- heremafter, FRE .
" Fig. 9is & ¢ross- sectlonal view: oi hohh thez-:-

_: . mam cylinder and valve- cylmdar taken part-
s Iy hormonta,lly and partly on the line TI-—IIL -

.,.vfmlve cyhnder S -
S The ar:t angement shown 1s substantmlly the;:'.'“f' B h
-'::"'.""j'“':'ff’---:'-'.fscrlbed in my aforesald Prlor Pa,tent NO :335;_'-"7

- %1608 020; 1. e. the valve cylinder 10 is ar-

- 5'0 Ans the opposme dlrectlon durmﬂ the otherg.;ﬁffwmh two lateml passaﬂ'es (F 125 9 a,lld 1]1)

| ,j:IOf Flﬂ
B shghtly dl

ferent p081t1011 ER L 5
- Fig. 10 is'a- tlmlllﬂ*-dqaoram, Sl

‘1, the valve. bemg, however 111 a,-i

Lo Fw 11 isa perSpectlve view of fhe valve,-’-j
GRS cmd R n

.r.i-.l.;-passaﬂ oS, -

12 15.::111 eleva,tmn of a portmn ef the;-a"i-_'

:55]01 ning the engin

‘the: Valve cyhnder has two:
c 86 which are adapted to. be:’ b1 ought m'tog'-s_*f_'-;
T commumcatmn Wlth the ports 30:-and; 31 pes
spectively by a passage in'the valve to be-de-
- scribed hereinafter- and which: are: connectediff*fj"

to. the -carbureter: and exhaust plpe (not
. ShOWIl) I‘eSpBCthLTEI}T ST N

01131 ocated. .

18, balanced by a cmuntelwewht 19 and; the

’Ihe crank 15 carrles & balance Welght 23

- -iF .

(Flﬂ’ 12)

halfmrevolutmn Whlle bemg contlnuously " I-e_ |

The engine plston 16is caupled i the usu-;-f'.:f{‘_l Lo
‘al manner by a connectingsrod 17-to a'crank = =
R SRR
. crank-shaft drives half-time gearing: 20,21 - -
for rotation. of the crank: 15, an:idler: Wheelf?i-s.-,;
22 being inserted in the drwe to connect the - oo
Wheels 20, 21 and-cause the crank 15 to: TO=

o o taterin the- same directionas the crank 18 _.;Bq._g,_i;,;f_;-’_j--f_-]:*:fg -
Preferablgf tlhe cantrol clevme compllses a---g_'{; (R
plﬁtm‘lwa,lve adapted. to-beboth reciprocated:
‘and-oscillated and- arranﬂ'ed latera,hy of-the" a
f.engme cylmder S0 as to act 1n the manner de-—*j-__;f
;::fiﬁmo* through holes 25 O
S Both cylinders are also formed with: inte frra,l.__ifi:}'- R s
o wabers jackets 26, through which: the.: various
ports. heremafter descrlhed____ extend ascast. .
The engine cylmder jacket. mlsc:.7 SR
Qe

themm 35

has: a - cast passage o7 Whlch 18 thﬂ:eaded tao{é

recewe a. spalkmg plug 28,
-~ The valve-cylinder 10 is. clos "d by """ a capiii;ﬂ'.l' ER P
”-:f':'229 bolted thereon and on the cylinder1l. < = =
- The flat face of the valve- cylmder 10: a,d—ﬁiﬁ'_ff'*“ SR
e cylmder 11z has' ez.;tend-jff- T

- 1ng through it three ports:30, 81, 82 vegister- = -~
"mg with correspondmg portsin the fa;ce ofthe
cylinder 11; of which- only twoy designated.. -

t:*-..l.

83:and 34, are shown (Fig.9).

The: VELlVB 13 has a

In &ddli}lﬂm

L Ly

"9 te 8 at two places §0-as to ﬁm mc:h '"tW(Ih suh—g[’“ o o

:. Z-,Stantlally I'Bﬂt&ﬂﬂ‘lllﬂf"" P'I‘ts 37 ﬂﬂlld 38 A d“.:f“'@'::;.:_: - : E "

Eao ~.Jacent these: ports is 4" further- cunved -port:

.. 11 o as to receive Iubrlcatmn from the crank-—i -39 (Figs. 2 to 8) which exten ds~ m commect, up;@_.; s
case 12 (on which both cylinders. are SUP-" 14 the inlet 85 (Figs: 2) ab 40, T e S
:'.f-:i-.pm"ted as: 111d10ated in Flﬂ' 1), and the Vql‘ve_fj-

“ w13 in the cylinder 10 is drwen by a connectmb---* o

transverse pasShée 4[1_::__ RSO i}-f.j;-?:.{,;.:.'5'??'7':{
---_-'_'adapted to co-ope.rate at-its two: ends form~ . %

.J :'"j'ij’.foﬁ:i.?-:.lﬁ_'f:'I‘Od 14 from an 11101111@(1 crank: 15 50 as to. be - ; ing-ports 4

rotated 1N, one. dlrectwn thlowrh 90“ dul lnfr-;*-f;ﬂgf) 36 reqpectwely PO
S one: ‘half revolution and to be rotated 90° ‘g loncrltudma,l p“tssaﬁ'e 4:4 communm&tmg—%f]{féf"'f?'

2-and 43 Wlth the ports 30 31 au:ld




28

30

39

40

 position 49 (Kig. 5

point 48 is at 1ts highest
‘whereat the port 49 is moved out of reﬂ*lqter-

>

endmn in ports 45, 46 (I‘ws 5 to 9) CO-Op~

er atmn with the ports 37, 38 and 39 1n the
valve cylmder

The valve 13, due- to its inclined-crank
drive, receives, as above mentioned, a contin-
uous rempwcatory and Oselllatory motion

and any point on the piston-valve periphery

therefore executes a movement in a substan-
tially oval or elliptical path.
mdlcated in the developed views in Figs. 5

to 8 at 47 for a point 48 on the valve sur face.

The ports in the valve-cylinder are in these

views shown in full lines and those 1n the

valve 1n dotted lines, the views showing the :
- the

relative positions of these ports at equal 1n-

tervals throughout the cycle of operations.

The point 48 bemn that considered will be
followed in its movement along the curve 47
(in a clockwise direction) starting from-the
) 1t occupies at the com-
mencement of the cycle. At this time the
ports 42, 43 are out of register with the ports
30, 31,
this p081t1011 into that indicated in If1g. b the
ports 42, 43 commence to overlap the ports

30 and 35 respectively as shown, thus placing
the cylinder 11 1n conmmmmtwn with the
The engine piston 16 1s now

calbmeter
moving downwards and mixture is thus

sucked into the cylinder 10 through the ports

35, 43, passage 41, and ports 42, 30.

Such admission of mixture contmues until
the valve has reached the position where the
position 50 (Fig. 6)

with the port 80 and the normal charging of
the cylinder 11 thus ter mmated Duri ing “the
normal charging period, the ports 45 and 46
in the valve are out of actlon but when the

- valve has travelled into the position indicated
in Flg 6 the port 46 Ims been brought into

register with the port 37, and there 1s a mo-

meutary connection of the passage 44 1n the

~valve through the port 37 with the cylinder

45

50

55

valve 1s enabled to fl

11 during which time mixture that has pre-
viously been admitted above the valve in the
manner to be described and has been com-

pressed by the upward movement of the said

32 to the engine cyhnder 11, thus effectmﬂ' 2)
supercharn*mﬂ' operation aftel the normal
charging has finished. -

gine piston 16, the ports 42, 43 are, of course

out of action but shor tly after this Stroke has

- commenced, the port 49 1n the valve has come

60

65

into co-incidence with the casing port 39, so
that due to the reduction of pressure above

the valve by reason of the downward move-
ment of the latter, mixture enters through the
cylinder ports 35 and. 40 and passes by way

thence to the space above the valve. This
ad_tmssmn of 1111*(ture cominences: almost 111~

has commenced.
exhaust ports 81, 36 have been brought into
‘communication by the passage 41 before the

This path 1s

5 36, but as the point moves irom’

11)

ow through the passage
44 and thence through the Dorts 46, 37 and:

- scavenging operation but are cut off at the

1, 777 799

medntely after the supercharging has been
effected, 1. e. when the valve has moved slight-
ly beyond the position shown in Fig. 6, and

continues untll the exhauet stroke lms beul
partially effected. Kig. 7 shows the relative

Jposttions of the various ports when the explo-
sion stroke has just commenced, while Fig.

8 shows the positions when the exhaust stroke
it will be noted that the

explosion stroke of the piston 16 has ended
and remain 1n communication until the valve
has finished its cycle of operations, 1. e. until
piston 16 has-ended its exhaust stroke.

The timing relatively to the movement ot
the main crank is indicated 1 I1g. 10 and
will be referred to more in detail hereinafter.

30

The port 46 also for a short time co-oper-

ates with the port 39 during the admission
of mixture through the 1a,utel so that this

port 46 also serves to admit mixture_ to the

space above the valve in the same manner
'db the port 45. N ' :

When the valve has reached Q p051t1011 im-
mediately before that indicated in Kig. 8, 1t

has, of course, commenced to move upwar dly
and the mixture above the valve 1s thus com-
pressed, the port 45 being moved out of reg-

ister with the port 39 1mmed1c1tely after the

position shown in Fig. 8 has been passed
through. During this_ time, exhaust of the
cylmdel 11 1s taking place as above men-
tioned ; the port 31 that opens into the com-

bustion space 1n cylinder 11 then registering
‘with port 42 and, hence, commumcatmﬂ‘ via

passage 41 and port 43 with the port 36 of
the valve cylinder 10, through which port
36 the spent gases escape Immedl_ately be-

fore the campletlon of the cycle, the horizon-

tal extension 51 of the valve port 45 (Fig.
comes 1nto register with the cylinder
port 38, so that part of the compressed mix-

‘ture - above the valve 1s allowed to pass

through the passage 44 and ports 51, 38, 32

and 34 to the cylinder 11 to Sca,venfre ‘the
latter. At the commencement of the fol-

lowing inlet stroke, the Jport 45 1s, of course,

- the position shown in Fig. 5, wherein it

has just passed the port 38.

The remaining mixture is compressed by
'the vaive 1n its contmucd upward movement
- during the commencement of the next cycle

Dulmg the compressmn stroke of the en-

and. it is this remaining quantity of mixture

that is used in said next cycle for the super-

charging opemtmn above described. The
exhatst ports 31, 36 are, of course, still in
communication by the passaﬂe 41 durm-:r the

same time as the scavengling operation ter-
mlnatus, the Valve then startmcr its next

' cycle
of the ports 39 and 45 to the passage 44 and

"It will now be clear from the cycle of op-
elcttl()l'l% described that Fig. 1 shows the en-

gine in the pOSlthIl where the piston 16 is
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.. usual manner.

ebeut te eemmenee 1ts exheust streke whlle
Fig. 9 shows it in the position where the Ppis
._.teﬂ 16 has tr: avelled through ra,ther more_?’
then half of its admission streke. e

“As previously mentioned, Fig.

point 53 to:

At the .

V20
S time, represented by _
- mences. In other words, the’ exhaust ports
- are opened. before the end of the: workmﬂ'},.]
" stroke is reached. - These ports remain in
g5 action until the end of the cycle, and in- ad-
~ - dition the suPereheremg ports come into ac-

o fland medmm 10]:' both supercharging ‘and
:,;_'-f-'":;_'-*5*0':.}'_'eeeveegme ef the eombustlon space. of theff:
L enolne . - el - | S _.5:-::
2 In eembmatlen Wlth an 111ternal cem-'_.".’
_.f:"-,i;{'__'j'.'*-f;_'-’_bueuen engine, a eyhnder and a piston valve
- therein itor eff eetmo both supercharging and
--"“_.eeevenemﬂ ot the eembustlon space: ef the "

s

SR _fenwme | o | e
ST B In eombmetlon w1th an mternel com--ﬁ_"
.~ bustion ¢ engine, a cylinder, a piston valve mov-
- able therein, end means. for. elmulteneously--"

© . the last 15° of the erank movement, 1. e.
. during the movement between the pemts 58
-~ .o and 59 on the diagram. At the end of the _
";-_f'eecond revolutlon ef the crank (pemt 59) -”j_:_eusly 1mpart1ng 'Lo said valve continuous re- .-
~clprocatory and eseﬂlatery motion, said ¢yl
~nder and valve-being formed with- passages

“and ports such that the valve controls the ed-i" i"aj;'f'?-.iﬂ S

SR 3'__the seavenﬂmcr and exheuet porte are all_-'
W’hlle the eonstruetmn deeembed and |
'a;?f::_53-35'-'-.:1lllletrated 1S preferred 1t Wlﬂ be apparent. .
o that without. mvolvmg ‘very substantial
T chenﬂ'e, such construction may be reversed
v to the extent that two transverse: ‘passages
7 may be provided in the velve for ee(:)peratmn"
4o With a single port in the engine cylinder, in ¢
- place of t11e passage 41 and the ports 30, 81.

- What T elalm 1s o

- . . - - . . H . . B " . . L . 1 . -
H " - ) [l o [ . " . . ] - - n e - T - .
e L . .. " . - . . .- Lt . . [l . . u . .
. ' N . Lo - E - T T .. . " LICHE . e
. - - A e A - . N LT ) ' . L] ' .
i i . . . . L . [ - - . .
Yoo [ Lo . a7 1 ' e - . . - .
' I T . . - . ' " T . . - 1 P T, - et
: ' : ” . : ) ' ) I--I:| ' e, . - ' - ' . LI
' - . . . ' ] 1 ul . P .
' . . . - - et . - - . - . .. . f
' [ . - - . .- LI L] - - . . L] 1]
' ' ' 1 . - ' . et , . v . . \
' - . . - - : .. '
' : .- S N ot . TN O T " W
1] 1 - - " - [ - L - - b
H . . . - PR " [l
' ' ' ' " . . . . . « 9 " . . - ' 1 [
' [ ' ' ' ' ' ' ' . . L ' '
1 - . . .. . - \ . ,
' [ 1 - [ [
.
.

(1nd10eted at

point 57, exhaust com-.

oo 1 In eombmetmn w1th an mternel eem—:_lf_
ﬁ'ﬁ._-fbuetmn ‘engine, a valve for. compressmo a

_-_;thereof

|||||||

6. dn eombumtlen Wlth an 111ter11e1 com-_;_.-
_'j-_.-.buetlen engine, a: single movable valve for = =~

SUPBPCHELI'O’IHg ISi'f;;f}controllme the mlet to and exhaust from the

engine dIld for: compressing a fluid: medmm“j‘?’ ERER

__-ier eea,venomo the eembustlon epaee ef the',;-;f;'?-*"-"'
o _ _ ‘engine. , SR .

o The explesmn stroke Starts a,t the end ofl_

. the second half-revolution _

point 54) and continues for 140°, at which

7 In cembmetlen Wlth an 111ternal eem--i. R
bustion engine, a. pleten valve’ ior contrellme?_?_'
- the admlesmn and exhaust phases of the ep-];;{ S R
eration of the engine-and for efl eetlng super-_fj}jf-f;ﬂ e
ehargmg of the eombustlen space thereof. ~ o
8. In combination with an internal com—
_“bustlen engine, a ‘piston valve for eontrelllngf,ﬁ'_in:..j.f;. Al

125 )

e T

. .;‘1 K

ma
s TR

- mission and exhaust operations of the en- jq,

driving said crank from the crank gear of
. the power cylinder, said. cylinders and valve 110 .
- being provided with passages and portssuch. =~

‘that the valve controls the admission and @X- o
__,;_-11eust operations - ef the . power cylinder and. -
~effects eup ercher 0*1110- ef the eombustlon spece;,5}}'f;::,f--i_;'ffff*_*ff'-}i'ifi':;.jf;;.l;,égj

_;_1“ee1proeet01"y type hevme' a power eylmderﬁfﬁ_'; o

-.and a valve cylinder, end a, piston valve mov- .
~able in the latter: eyhnder'* said valve oyl- = .
Inder’ bemfr in port eemmumeetlen with the . j ool
- _earbureter | exheust pipe and power: eylmderfﬁf;:'?i;'-éf'_..-;ff!-;

-supercharging medmm admltted 1o the 165~

teneeuely reelpreca,tmtr and oseﬂlatmg smd;;;_;'_?f;ff-j'ff_:' ST
~valve to effect: eupereharom g and scaveng-.
ing of. the ‘combustion: ‘space’ of . the- engine, = .l
e | -‘é-i';-end eans for dI‘lVlI’lO‘ sald melmed crank
10 showsf.f 1 R s e
the timing: 1*e1et1ve1y to the movement of the

RO | 5 In eombmatwn Wlth an- 111te1“'ne1.'eei'il-%fi*- ;
"' main cranic 18, Durmg the first half-revolu- ,

~ bustion en oine, a single movable. Velve for =
. tion thereof from point 52 to point 53 on the contr elhnﬂ the 1111et te and exhaust from the &
- diagram, admission takes place, and from
":';'.I':”I.::jEjﬁff'i'l'q';_"'-heli-revehlt101’1, compression -occurs, in the -

“engine and for, compressing a fluid medium -~

point 54, i. e. dumng the next. - for - supereha,rﬂmﬂ' the eembuetlen epeee 011‘[?'?"'”;' ARFUDES

;the engine. - S

T point 55, however

~++ when the crank has meved thr eugh 5° on 1te"
-~ second - half-revolution,

'T‘:"*'f'g}_fl_?:'ig;_'l--'stertecl thig operation 1eet1ng during-a 30° .

ST ,_.;tmvel ef the era,nk untll the pomt 56 1e_"

the admission and exhaust phases of the. op- gy

“eration of the en gine and for- eﬂeetmo* seav-_-_...: SRR

- tion to scavenge the englne cylinder durmg enging of the Cgmbu stion space thereoj:

9 111 GOlanIl‘lthIl with an internal eem_
;,busuon engine, a cylinder; a piston valve
~movable therem and means for simultane- ¢

-_-IG‘IIlB and_ eﬁects supereha,mmw Of the comﬂl()(}
-s-bustlon space thereof. |~
10. An internal eombustlen enfrme ef the'f'"f?}:.;;.fi'iif,j
_'.___-;]:’eClpI‘OCa,LOI'y type ha;mno- a power eylmder}_};-.;-_'}""'___.';_L_.-.:_--,-?" S
-and a valve cylinder, a Plsten valve movable 195 -
o ~in the valve cylinder, an inclined crank for - oo
";.'}:_I‘urthermore air might be utﬂmed in- plaee{‘;{lmpartme to said Valve eontmuous reelpro—-ﬁ'-Ef'f-f_"f';,f.ffi;'_-;,-;".;'_'._'_-?.-;Z;_f?:'_-.;..__
oo of the fuel- mlxture if deewed “Separate “catory and oscillatory motion, and means for' <o
ST :jllluet}: etmn of theee feeturee 1e e0n51dered- S

4 51111 necessary.

‘of the engine; and said piston valve havinga
:peesege eemmumcatmg Wlth sald ports end

~also having a longitudinal passage by which -
Ieelpfoeatmg and esellla,tmcr said-valve to . a
v effect supercharging and. eeaveno*mo* ef the‘
o “combustion ‘space of the- eneme

s 40 In eembmatwn with an mternel com-  ;
e j--"-'ibustmn engine, a. eyhnder, and a valve mov-"
' eble therem en 1nehned cranh ier snnul-?”

. "*epeee above the "VELIVB may be admitted to thef'_};f;f B
- combustion space of. the power cyhn der. - o
'12. An internal combustion engine of thef*?} S
reelpreeatlnﬂ* type having a power cylmder-ff"‘--'--"'=
_.--_-,end a Valve eyhnder a plsten Valve movable




-/

I

-
o }

Y

40

(i()

4. -_ - o LTTYieR

in the latter 'cylinder;, said valve cylinder

being- in port communication with the car-

‘bureter, exhaust pipe and power cylinder o

the engine; and said piston valve having a
passage communicating with said ports and.
also having a longitudinal passage by which

“a supercharging medium admitted to the
space above the valve may be admitted to the
 combustion space of the power cylinder; and

-, means for imparting to said piston valve

continuously both reciprocatory and oscilla- -
tory movements... . .
In testimony whereof I hereunto aflix my

signature this ninth day of December, 1927.

'LAURENCE GORDON GRACE.

6o
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